S taphylococcus aureus is a leading cause of communityassociated and health care-associated bacteremia and is also associated with high morbidity and mortality. 1 Although most cases of S. aureus bacteremia (SAB) result from medical interventions such as surgical procedures and intravascular catheters, 2 SAB arising from community infections such as acute bacterial skin and skin structure infections (ABSSSIs) or communityacquired bacterial pneumonia (CABP), especially postinfluenza or postviral pneumonias, are frequently reported. 2, 3 Comorbidities including diabetes, obesity, alcoholism, structural lung disease, or cardiovascular disease predispose patients to secondary SAB, which frequently results in poor outcomes and increased mortality rates. 4, 5 Therapeutic options for patients with SAB are limited, and among those available, treatment-limiting adverse effects can further limit those options. Success rates for the available therapeutic agents for both methicillin-susceptible S. aureus (MSSA) and methicillin-resistant S. aureus (MRSA) are variable, with success rates of up to 60% reported by a number of studies. [6] [7] [8] However, failure rates as low as 13% have also been reported. 9 β-Lactams are considered the agents of choice when the causative pathogen is known to be MSSA. For MRSA, treatment options include either vancomycin or daptomycin, 10 and trimethoprim-sulfamethoxazole is also considered an alternative to vancomycin for the treatment of ABSSSI. 11 There have been reports describing the development of in vivo resistance in S. aureus to these antibiotics. [12] [13] [14] [15] In addition, there are potential limitations associated with vancomycin (in terms of target attainment for minimum inhibitory concentration >1 mg/L, ototoxicity and nephrotoxicity) 16 and daptomycin (inactivation by pulmonary surfactant rendering this an inappropriate agent for treatment of pneumonia, rhabdomyolysis). 17, 18 Therefore, there are challenges in the selection of appropriate empiric therapy for serious bacterial infections due to S. aureus and an unmet need for new antibiotics that are efficacious in the treatment of serious systemic infections due to SAB.
Ceftaroline is a broad-spectrum cephalosporin, which is active in vitro against Gram-positive pathogens such as S. aureus and Streptococcus pneumoniae as well as their resistant phenotypes (eg, MRSA, vancomycin-resistant S. aureus, and multidrug-resistant S. pneumoniae). [19] [20] [21] It is also active in vitro against common Gramnegative pathogens such as Escherichia coli, Klebsiella pneumoniae, and Haemophilus influenzae; however, it is not active against Gramnegative organisms that produce extended spectrum β-lactamases.
The mechanism of action of ceftaroline is common to that of other β-lactam antibiotics, inhibiting bacterial cell wall synthesis by irreversibly binding to several penicillin-binding proteins, but unlike other β-lactams, it has a high affinity for penicillinbinding protein 2a in MRSA. 22, 23 Ceftaroline fosamil was approved by the US Food and Drug Administration in October 2010 for the treatment of ABSSSI and CABP caused by susceptible organisms, including MSSA in the case of CABP and MSSA and MRSA in the case of ABSSSI. It is approved for similar indications in Europe. Ceftaroline fosamil is not currently approved for the treatment of S. aureus bacteremia secondary to ABSSSI or CABP. It is well tolerated, having a safety profile reflective of the cephalosporin class and similar to that of comparator agents used in the phase 3 clinical trials. 24 The Clinical Assessment Program and Teflaro W Utilization Registry (CAPTURE) is designed to collect information on the contemporary clinical use of ceftaroline fosamil in the United States. In this report, we present and discuss data from CAPTURE on the use of ceftaroline fosamil for the treatment of patients with SAB secondary to ABSSSI or CABP.
PATIENTS AND METHODS

Study Design
Patients diagnosed with ABSSSI or CABP were identified through sequential review of randomly ordered charts generated from pharmacy listings at participating institutions from August 2011 to February 2013. Inpatients and outpatients were permitted into the study. Acute bacterial skin and skin structure infection was diagnosed where infection involved deep soft tissues or required significant surgical intervention. Community-acquired bacterial pneumonia was diagnosed as an acute illness with clinical signs and symptoms consistent with a lower respiratory tract infection along with imaging consistent with bacterial pneumonia.
Eligible patients aged 18 years or older received 2 or more consecutive doses of ceftaroline fosamil between August 2011 and July 2012, and following a protocol amendment received 4 or more consecutive doses thereafter. Data collection was by review of charts 30 days or more after the completion of the ceftaroline fosamil therapy to increase the likelihood of a complete chart for data abstraction.
Patients were excluded when the information on dosing was missing or if data had previously been extracted for this study. Data were excluded from patients with additional or underlying infections other than SAB resulting from ABSSSI or CABP.
This registry study was carried out across study centers in the United States, was approved by each institution's ethics committee or institutional review board, and was conducted in compliance with the International Conference on Harmonisation E6 Good Clinical Practice Guidance, 1976. 25 
Data Collection
Data collected for each eligible patient diagnosed with SAB secondary to ABSSSI or CABP included demographics, relevant medical and surgical history, location of care, clinical signs and symptoms (both at the time of diagnosis and at end of treatment with ceftaroline fosamil), and microbiology (methicillin susceptibility and source of S. aureus isolates). Data were also recorded on the clinical response to ceftaroline fosamil when used as either first-line or second-line therapy, as well as monotherapy or concurrent therapy with other antibiotics.
As a result of the study protocol amendment in July 2012, additional data including ceftaroline fosamil dosage, dosing frequency, laboratory data including serum creatinine level at diagnosis and end of treatment with ceftaroline fosamil, readmission within 30 days of discharge, and reason for readmission were collected.
Data Analysis and Clinical Outcome
Statistical analyses were performed on the data using SAS Version 9.2. The data were summarized using descriptive statistics, including demographic data, disease and pathogen characteristics, ceftaroline fosamil dose, frequency and duration, outcome, and hospital discharge. Numeric data were summarized with mean (SD) and median values, where categorical data were presented by frequency and percentage.
Evaluable patients were those for whom a clinical outcome (success or failure) could be determined. Clinical success was defined as either clinical cure with no further need for antibiotic therapy or as a clinical improvement with a switch to oral antibiotic treatment. Clinical failure was determined where patients experienced an adverse event leading to discontinuation or where insufficient therapeutic effect was documented. In some cases, after a review of information, treatment was also deemed to be successful where patients were confirmed to be improving at the time of discontinuation of ceftaroline fosamil.
RESULTS
Patient and Disease Characteristics
Of 1500 patients with either ABSSSI or CABP enrolled across 40 study centers, 1428 were evaluable. A subset of 3% (48/1428) of evaluable patients had a diagnosis of secondary SAB, comprising 3% (27/1030) of patients with ABSSSI and 5% (21/398) of patients with CABP (Table 1 ). All patients in this analysis were inpatients. The patients with SAB had a near-even sex distribution and a mean (SD) age of 61 (15) years.
At least 1 comorbid condition was recorded for 74% of patients with ABSSSI and 81% with CABP. Analysis of patients' medical history revealed the most common ABSSSI-associated comorbidity to be diabetes (70%), followed by obesity (33%) and peripheral vascular disease (22%). The most common comorbidities associated with CABP were structural lung disease (33%), gastroesophageal reflux disease (29%), and congestive heart failure (24%).
Among the patients with SAB, 13 patients (8 with ABSSSI, 5 with CABP) were enrolled subsequent to July 2012. The mean (SD) serum creatinine measurement for these 13 patients was 2.4 (2.4) mg/dL, with a median (range) of 1.5 (0.5-9.1) mg/dL before the start of ceftaroline fosamil treatment. Two patients (1 each, ABSSSI and CABP) received hemodialysis.
Readmission data (within 30 days of discharge) were collected after a protocol amendment in 2012; therefore readmission data were only available for 8 patients with ABSSSI, of which 2 patients were readmitted for ABSSSI. Readmission data were available for 5 patients with CABP of which one was readmitted for CABP.
Pathogen Characteristics
Of the 48 patients with SAB, MRSA was isolated in 67% (32/48) of cases. Among patients with SAB secondary to ABSSSI, MRSA was isolated in 59% (16/27) of cases and among patients with SAB secondary to CABP, in 76% (16/21) of cases.
Antibiotic Usage
The mean (SD) duration of ceftaroline fosamil therapy was 5.8 (4.8) days for SAB secondary to ABSSSI and 7.0 (3.8) days for SAB secondary to CABP. Before the administration of ceftaroline fosamil, 89% of patients with SAB secondary to ABSSSI and 86% of patients with SAB secondary to CABP had received antibiotic therapy, of which glycopeptides, penicillins, and other cephalosporins were most commonly used (Table 2) . Concurrent therapy was administered in 30% of patients with SAB secondary to ABSSSI (most commonly glycopeptides and lincosamides) and 71% of patients with SAB secondary to CABP (most commonly glycopeptides and macrolides). Monotherapy with ceftaroline fosamil was utilized in 70% of patients with SAB secondary to ABSSSI and in 29% of patients with SAB secondary to CABP. After July 2012, data were collected on frequency of infusion with ceftaroline fosamil. Among those patients for whom such data were available (n = 13), 1 patient with SAB secondary to CABP received ceftaroline fosamil by infusion every 8 hours.
Location of Care
One quarter of all patients with SAB were treated in the intensive care unit (ICU) while receiving ceftaroline fosamil. A higher proportion of patients with SAB secondary to CABP were treated in the ICU (33%) when compared with patients with SAB secondary to ABSSSI (19%).
After ceftaroline fosamil therapy, patients had similar rates of discharge to home or to another care facility (48%). One patient with CABP died, and postdischarge data for one patient with ABSSSI were missing.
Clinical Outcome
Clinical success among all patients with SAB treated with ceftaroline fosamil therapy was 58%. The success rate among patients with SAB secondary to ABSSSI was 52%, whereas the Most patients received antibiotic therapy before receiving ceftaroline fosamil. Three patients with SAB secondary to ABSSSI and 3 patients with SAB secondary to CABP received ceftaroline fosamil as first-line therapy. Among patients who received ceftaroline fosamil as second-line therapy, the overall clinical success rate was 64% (27/42), with a clinical success rate of 58% (14/24) for SAB due to ABSSSI and 72% (13/18) for SAB due to CABP.
Among those patients who received ceftaroline fosamil as monotherapy, the overall clinical success rate was 64% (16/25) . In patients with SAB secondary to ABSSSI, the clinical success rate was 58% (11/19) . In patients with SAB secondary to CABP, 83% (5/6) were considered a clinical success.
Of the 23 patients that received concurrent antibiotic therapy, the clinical success rate was 52% (12/23). Among the 8 patients with SAB and ABSSSI who received concurrent therapy, 3 were a clinical success. For patients with SAB secondary to CABP, the clinical success rate was 60% (9/15).
In the ABSSSI group, 2 patients (7%) were classified as a clinical improvement and were switched to an oral antibiotic. For 8 patients (30%), there was insufficient therapeutic effect, and they were switched to an alternative intravenous antibiotic. Adverse events were given as the reason for discontinuation for 2 patients (7%) with SAB secondary to ABSSSI. For patients with SAB secondary to CABP, clinical improvement with switch to oral antibiotic was recorded for 1 patient, and for 4 patients, there was insufficient therapeutic effect, and they were switched to an alternative intravenous antibiotic. No adverse events were reported as a reason for discontinuation in this group.
DISCUSSION
Data for the treatment of SAB secondary to ABSSSI or CAP are not readily available in the literature, with few published studies. Khosrovaneh et al 26 reported on a study of 50 cases of SAB originating from soft tissues; however, their study did not include an overall cure rate. Data on treatment outcomes using ceftaroline fosamil therapy for SAB are also limited. 27, 28 Analysis of data from the CAPTURE study reveals clinical success rates of 38% to 83%, which are comparable with the clinical success rates reported for vancomycin (52%) and linezolid (55%) in a pooled analysis of patients with SAB and daptomycin (44%) and vancomycin or an antistaphylococcal penicillin (42%) for patients with SAB with or without endocarditis. 8, 29 In studies for patients with MRSA bacteremia, the success rates ranged between 32% and 60% for various agents, 6, 8, 29 and among patients with MSSA bacteremia, the success rates were between 45% and 49%. 29 Late complications can occur with bacteremia; therefore the variable follow-up periods used in these published studies necessitates that some caution should be exercised when comparing studies. The follow-up period in the CAPTURE study was 30 days (with readmissions to the same hospital only recorded); complications of bacteremia resulting in readmission to hospital could occur either during this 30 days at another institution or after this time at the same institution and would not be recorded as part of CAP-TURE, but as a registry chart review study rather than a prospective study with a late follow-up visit, this is a limitation of the study. Clinical response was limited to assessment at discontinuation of ceftaroline fosamil, and mortality was required to be reported either in-hospital or within 24 hours of discontinuation of ceftaroline fosamil.
The mean duration of treatment in this study was 6.4 days, which is shorter than would be expected for the treatment of SAB. However, the mean duration of treatment data presented is for ceftaroline fosamil only and does not include duration of prior or subsequent antibiotic therapy. Because many patients were treated with ceftaroline fosamil as second-line therapy and may have been switched to another agent after improving, the mean duration of treatment is not necessarily representative of the length of the entire treatment period. In addition, although case studies in the literature that present data on the use of ceftaroline fosamil in the treatment of bacteremia often use an 8-hour dosing regimen, 27, 28 dosing in this study most frequently followed a 12-hourly regimen. This most likely occurred because ceftaroline fosamil was being used in the treatment of a primary ABSSSI or CABP with secondary SAB.
As described previously for the overall population, clinical success rates among patients who received monotherapy and concurrent therapy were generally favorable. Clinical success rates were greater than 52%, with the exception of patients with SAB secondary to ABSSSI, who received concurrent therapy, although the numbers of patients in this subgroup was small (3 of 8 patients determined as clinical success).
Readmission data were collected after July 2012, leading to a small number of patients for whom readmission data are available (n = 13). This limits the conclusions that can be drawn from these data. A total of 5 patients were readmitted, 4 who had been treated for SAB secondary to ABSSSI and one who had been treated for SAB secondary to CABP. Of the 4 patients who were treated for SAB secondary to ABSSSI, 2 were readmitted for ABSSSI and 2 for non-ABSSSI-associated reasons. The patient with SAB associated with CABP was readmitted for CABP.
The phase 3 studies of ceftaroline fosamil showed a clinical success rate of 89% (16/18) among patients with SAB secondary to ABSSSI. 24 This is markedly higher than the data reported in the CAPTURE study and may, in part, be due to the restricted use of prior antibiotic therapy in the phase 3 studies and the higher rate of comorbidities among patients in the CAPTURE study. In addition, the phase 3 studies had multiple other exclusionary criteria, which included the exclusion of patients directly admitted to the ICU. This discrepancy highlights a major difference between controlled phase 3 studies and registry studies. Despite the high incidence of comorbidities, clinical response rates in the CAPTURE study were generally favorable. Furthermore, the high proportion of patients treated in the ICU indicates a high acuity of illness with presence of severe disease in the patients with SAB in CAPTURE. Ceftaroline fosamil was frequently used as a second-line or salvage antimicrobial therapy (>85% of patients), and the glycopeptides (eg, vancomycin) were the most commonly administered antibiotic class before the initiation of ceftaroline fosamil (60% overall), implying glycopeptide failure. This further frames the clinical outcomes in a population of patients who were likely treatment failures to begin with and at higher risk for subsequent clinical failure.
As discussed previously, registry studies such as CAPTURE may have inherent limitations such as lack of randomization or blinding to control for bias; however, they have the potential to provide useful information on the contemporary use of antibiotics, including their spectrum of use, duration of treatment, effectiveness, safety, and cost. 30, 31 In conclusion, the results from this study support the clinical effectiveness of ceftaroline fosamil in the treatment of ABSSSI or CABP associated with secondary SAB. Ceftaroline fosamil was an effective treatment option, despite the wide range of comorbidities, including those patients who had likely received prior unsuccessful antibiotic therapy. These data support the use of ceftaroline fosamil as an effective treatment option in hospitalized patients with SAB secondary to ABSSSI and CABP. Furthermore, these results suggest that further clinical studies evaluating the use of ceftaroline fosamil for SAB are warranted.
